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• Dynamic Response Texture (DyRT)
• Dynamic physically based deformations
• Respond to rigid bone motion

• Character animation

• Synthesized in shader hardware
• DyRT is cheap!
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• Fast Green’s function methods for 
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e.g., bone-based animation
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Interactive Video TutorialInteractive Video TutorialInteractive Video Tutorial

Background: 
Modal Analysis
Background: 
Modal Analysis

Linear elastodynamic model

Modal transformation

Decoupled ODEs

i=1…N

Dynamic IntegrationDynamic Integration

• Simple harmonic oscillator

• Use small IIR digital filter: (mode i, time k)
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IIR

• Precompute IIR filters…•• PrecomputePrecompute IIR filters…IIR filters…
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• Accelerations produce inertial forces•• Accelerations produce inertial forcesAccelerations produce inertial forces
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HH force:force:

• Rigid motion transfer matrix
• m-by-6 matrix of precomputed

volume integrals

• Rigid motion transfer matrix
•• mm--byby--6 matrix of 6 matrix of precomputedprecomputed

volume integralsvolume integralsH

• Spatial velocity,•• Spatial velocity,Spatial velocity,

• Matrix picture of modal forces...•• Matrix picture of modal forces...Matrix picture of modal forces...

= H= H

Exciting Modes with 
Rigid Motions
Exciting Modes with 
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H
== 6m

Rigid Motion Transfer 
Matrix, H:  Translation
Rigid Motion Transfer 
Matrix, H:  Translation

BELLY THIGH
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4

Programmable 
Graphics Hardware
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Graphics Hardware

• Vertex/pixel stream processing
• Lindholm, Kilgard & Moreton,            

A User-Programmable Vertex Engine, 
SIGGRAPH 2001

• DyRT vertex programs
• Modes give per-vertex displacements  

• No connectivity available for normals
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A UserA User--Programmable Vertex EngineProgrammable Vertex Engine, , 
SIGGRAPH 2001SIGGRAPH 2001

•• DyRTDyRT vertex programsvertex programs
•• Modes give perModes give per--vertex displacements  vertex displacements  

•• No connectivity available for No connectivity available for normalsnormals

⇒⇒ But can easily compute linear correctionBut can easily compute linear correction

Effect of linearized
normal correction…
Effect of linearized
normal correction…

AT  REST OFF ON

1 2 3 4

DyRT Vertex ProgramDyRT Vertex Program

• Per-vertex data:       ,
• E.g., 4-mode DyRT displacement
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•• E.g., 4E.g., 4--mode mode DyRTDyRT displacementdisplacement

*q1 *q2 *q3 *q4

DyRT Vertex ProgramDyRT Vertex Program

Recipe for DyRTRecipe for Recipe for DyRTDyRT
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••PrecomputationPrecomputation
••Runtime SynthesisRuntime Synthesis

DyRT Process:
Precomputation

DyRT Process:
Precomputation

• Define solid model 
• Anatomically based modeling

• Finite element modal analysis:

• Mesh volume
• Constrain non-exposed boundary

• Compute m leading eigenmodes
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surface

• Reusable
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DyRTDyRT

DyRT Process:
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• Construct m-mode DyRT object•• Construct Construct mm--mode mode DyRTDyRT objectobject

H IIRN

CPU: DynamicsCPU: DynamicsGPU: PerGPU: Per--vertex vertex 
deformation datadeformation data

DyRT Process:
Runtime Synthesis

DyRT Process:
Runtime Synthesis

• For each DyRT model…
• Compute modal forcing

• Integrate dynamics       ⇒ q(k)

• Bind DyRT vertex program

• Set program constants (q(k), …)

• Draw model, e.g., call display list

•• For each For each DyRTDyRT model…model…
•• Compute modal forcingCompute modal forcing

•• Integrate dynamics       Integrate dynamics       ⇒⇒ qq(k(k))

•• Bind Bind DyRTDyRT vertex programvertex program

•• Set program constants (Set program constants (qq(k(k)), …), …)

•• Draw model, e.g., call display listDraw model, e.g., call display list

ResultsResultsResults

Results: nah-nah nah-nah nah-nah nah-nah…  

DyRT-Man!
Results: nah-nah nah-nah nah-nah nah-nah…  

DyRT-Man!
Results: Laparoscopic 
surgical simulation
Results: Laparoscopic 
surgical simulation

• DyRT applied to 
hanging fatty tissue

• Driven by semi-rigid 
coupling with scene
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Summary & ConclusionSummary & Conclusion

• Real time dynamic deformations
• Responds to rigid motion

• Ideal for character animation

• Synthesized on GPU
• Negligible cost to main CPU
• Future work…

•• Real time dynamic deformationsReal time dynamic deformations
•• Responds to rigid motionResponds to rigid motion

•• Ideal for character animationIdeal for character animation

•• Synthesized on GPUSynthesized on GPU
•• Negligible cost to main CPUNegligible cost to main CPU
•• Future work…Future work…

Real Real DyRTDyRT!!
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